Introduction
Ethylene is a product of olefin metathesis reactions that involve one or more terminal olefins.
High oxidation state molybdenum and tungsten imido alkylidene complexes 1 react with ethylene to
give methylidene complexes, which are the least stable alkylidenes toward bimolecular decomposition, and unsubstituted metallacyclobutane complexes, which are the most stable metallacycles toward loss of an olefin. Ethylene also has been proposed to promote rearrangement of an unsubstituted metallacyclobutane to an olefin and thereby to lead to decomposition of high oxidation state alkylidene catalysts. 2 Perhaps the most informative studies concerning reactions between alkylidene complexes and ethylene in solution have employed 13 C-labeled ethylene. Reactions between 13 C 2 H 4 and tungsten biphenolate and binaphtholate catalysts have been studied most thoroughly. 2, 3 (Fewer studies have been reported for analogous Mo complexes. 4 ) Among the species observed in solution are an unsubstituted tungstacyclobutane complex, an ethylene complex, an unsubstituted tungstacyclopentane complex, and a heterochiral dimeric methylidene complex. Ethylene has also been employed in order to study the mechanism of catalyst decomposition and formation of bimetallic species. For example, the tungstacyclobutane complex, W(NAr Cl )(Biphen) (C 3 H 6 ) (Ar Cl = 2,6-Cl 2 C 6 H 3 ; Biphen = 6,6'-dimethyl-3,3',5,5'-tetra-t-butyl-1,1'-biphenyl-2,2'-diolate), was found to decompose to yield (inter alia) the dimeric, heterochiral methylidene complex,
[W(NArCl)(Biphen)(μ-CH 2 )] 2 , which decomposed further to yield homochiral generation" bisalkoxides and "second generation" biphenolates and binaphtholates 1 ). MAP species have many new features of fundamental interest, perhaps the most important of which is the presence of a stereogenic metal center. MAP species have proven to be extraordinarily reactive, 9, 10 as are isoelectronic rhenium alkylidyne alkylidene species that contain a stereogenic metal center.
11
Under the right circumstances many have been found to be long-lived compared to first or second generation catalysts. Initial studies of reactions between MAP species and ethylene showed that when a sterically relatively small set of ligands is present, ethylene complexes are often formed in the presence of ethylene.
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It is interesting to note that olefin complexes of the type M(NAr)(X)(Y)(olefin) (M = Mo or W; X or Y = alkoxide or η 1 -pyrrolide) are related to TaCp*Cl 2 (olefin) complexes, which catalyze the dimerization of terminal olefins to tail-to-tail or head-to-tail dimers via a metallacyclopentane "ring-contraction" mechanism. 13 Complexes that contain Mo(NAr)(X)(Y) or W(NAr)(X)(Y) cores also will dimerize ethylene slowly to 1-butene. 3, 4 In view of the isomeric relationship between olefin and alkylidene complexes, 14, 15, 16 as well as the roles olefins may play in metathesis chemistry beyond the obvious role as substrates, as has been outlined above, we decided to explore routes to simple Mo(IV) ethylene complexes of the type Mo(NAr)(X)(Y)(CH 2 CH 2 ) and reactions between ethylene complexes and olefins. The results of this investigation are reported here. A reaction between 1c and propylene in C 6 
RESULTS

Exposure
In contrast to the failure to prepare 5a through a reaction between (7), was a mixture of four isomers. Four isomers of 7 can be rationalized in view of the presence of a stereogenic metal center, enantiotopic styrene faces, and no rotation of styrene on the NMR time scale. The major isomer (~30%) displays olefinic proton resonances at 4.23 (t, 1H), 3.08 (dd, 1H), and 2.40 (dd, 1H) ppm. We were not able to obtain a crystalline sample of 7 suitable for an X-ray study. The reaction between purple Mo(NAr)(CH 2 CH 2 )(OSiPh 3 ) 2 (3) and neat, freshly dried styrene immediately yielded a green solution from which a green product could be obtained upon removal of all volatiles in vacuo. Recrystallization of the residue from pentane yielded green crystals of The most logical proposal is for the second isomer of 9 to be Mo(NAr)(cis-3- When a sample of 3 in toluene-d 8 was degassed and exposed to 1 atm of ethylene, the color changed from purple to red-orange. At 20 °C, two broad resonances were observed at ~3.1 and ~2. Mixtures of linear olefins most likely form through metathesis reactions. When 9 was treated with 1 atm of ethylene, the molybdacylopentane species 10 was observed immediately, along with free trans-3-hexene. After 2 weeks at room temperature, 1-butene was observed in the 1 H NMR spectrum of the reaction mixture. A benzene solution of 6 was placed under 1 atm of CD 3 CH=CH 2 and the sample was heated to 60 ºC for 1 day. A 2 H NMR spectrum (Figure 10 ) showed resonances at 4.8 and 5.8 ppm, consistent with scrambling of deuterium into all three propylene sites through a process that must involve more than reversible CH or CD activation of CD 3 CH=CH 2 to give allyl intermediates. (See Discussion Section.) When 6 was treated with 100 equivalents of cyclooctene in C 6 D 6 polycyclooctene was formed and could be isolated in 38% yield after 24 h through precipitation with methanol. The polycyclooctene sample contained 88% trans double bonds according to 13 C NMR spectra.
DISCUSSION
It is clear from the work reported here that molybdenum ethylene complexes can be the product of "reduction" of the metal upon exposure of MAP species, or bisalkoxides, to ethylene. 
An important question is how an alkylidene, albeit only traces of it, is formed. Some of the leading candidates for forming an alkylidene from an ordinary olefin at a single metal center include addition of H from an external or internal source (e.g., through CH activation in a ligand) to the olefin to give an alkyl followed by α abstration of H from the alkyl, e.g., as shown in equation 
The results presented here are related to others we have uncovered in which Mo(IV) or W(IV) compounds slowly catalyze typical metathesis reactions. As mentioned in the introduction, one is a homologation of a vinyl tin species to an allyl tin species in the presence of ethylene and = 2,6-Me 2 C 6 H 3 ) also will slowly catalyze olefin metathesis reactions. 8 However, it was estimated that only a relatively small amount (~2%) of the M=M species was "activated" by the olefin.
Finally, an ethylene complex mentioned earlier in this paper, Mo(N-2,6-Cl 2 C 6 H 3 )(CH 2 CH 2 )(racBiphen)(ether), is inactive for ring-closing of diallyl ether over a period of 10 days at 22 °C, but when 10 equivalents of norbornene were added to a benzene solution of 5 mol%
Mo(NAr Cl )(CH 2 CH 2 )(rac-Biphen)(ether) and diallyl ether, a 56% yield of 2,4-dihydrofuran was obtained in 10 days.
The results reported here also suggest that formation of Mo(IV) species as products of decomposition of metathesis catalysts could lead to isomerization of double bonds in metathesis substrates or products. However, metathesis usually is several orders of magnitude faster than olefin
isomerization. Yet there may be some circumstances in which "reformation" of alkylidenes from olefins contributes to catalyst activity over the long term, e.g., "alkane metathesis," which is usually carried out at temperatures of 125° or more. 27 Eventually, however, decomposition processes that involve destruction of the basic structure of an imido alkylidene catalyst will lead to irreversible loss of metathesis activity.
CONCLUSIONS
All of the observations suggest that (i) olefin complexes of the type M(NAr)(X)(Y)(olefin) can form readily; (ii) exchange of olefins at Mo(IV) centers is facile; (iii) isomerization of olefins at
Mo(IV) centers is facile; and (iv) traces of metathesis catalysts are formed. We propose that the metathesis catalysts are of the type M(NAr)(X)(Y)(alkylidene), but that the amounts present are in the undetectable range (<1%).
Experimental Section
General synthetic procedures can be found in earlier papers that concern MAP catalysts.
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Compounds 1a and 1b were prepared as described in the literature. were isolated directly from the reaction via filtration. The product is a mixture of cis and trans isomers in the ratio The volatiles were then removed in vacuo and after recrystallization from pentane, 64 mg of green crystals were generated (yield = 98%). 
